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Summary: The sponge fauna colonizing rhodolith beds from Ustica Island marine protected area was studied. Moreover, 
an inventory of the sponge species present along the island’s coasts was carried out for the first time. Analysis of rhodoliths 
trapped in nets used by local fishermen at two sites and data obtained from underwater video images were used to identify 
25 sponge taxa, 22 of them at species level. The classes Demospongiae and Homoscleromorpha were present with 24 and 
1 species, respectively. Most of the specimens were small-sized and represented by thick crusts or short erect branches. 
Few specimens were insinuating or excavating. Furthermore, qualitative sampling was performed on Ustica’s coralligenous 
formations, photophilous hard substrates and in marine caves, and the results obtained were added to the literature data. The 
overall checklist of sponges from Ustica encompassed 97 taxa, 90 named at species level, subdivided into 6 taxa of Calcarea, 
3 of Homoscleromorpha and 88 of Demospongiae. Eleven of the species were endemic to the Mediterranean Sea, mainly 
concentrated on rhodoliths and in marine caves. This research adds a fundamental element to the knowledge of invertebrates 
associated with rhodoliths, and updates the checklist of sponges colonizing Ustica’s waters, facilitating its future monitoring.
Keywords: Porifera; Ustica Island; Mediterranean Sea; rhodolith beds; coralligenous formations; photophilous hard sub-
strates; marine caves.
Esponjas de los lechos de rodolitos del área marina protegida de la isla de Ustica (sur del mar Tirreno), con un inven-
tario completo de la espongofauna de la isla
Resumen: En este trabajo se estudió la fauna de poríferos que coloniza los fondos de rodolitos del área marina protegida de 
la isla de Ustica. Además, se creó por primera vez un catálogo de las especies de esponjas que se encuentran en el litoral de 
la isla. El análisis de los rodolitos enredados en las redes de pescadores locales en dos sitios y de los datos obtenidos de las 
imágenes de video submarino permitieron reconocer 25 taxones de poríferos, 22 de los cuales se identificaron a nivel de espe-
cies. Las clases Demospongiae y Homoscleromorpha estuvieron presentes con 24 y 1 especies respectivamente. La mayoría 
de los especímenes eran de tamaño pequeño y representados por costras gruesas o ramas cortas y erectas. Pocos especímenes 
eran esponjas insinuantes o excavadoras. Además, se llevaron a cabo muestreos cualitativos en formaciones de coralígeno, 
en sustratos duros fotofilos y en cuevas marinas de la isla de Ustica, y se añadieron los resultados obtenidos a los datos de la 
literatura. El inventario total de las esponjas de Ustica incluye 97 taxones, 90 nombrados a nivel de especies, divididos en: 6 
taxones de Calcarea, 3 de Homoscleromorpha, 88 de Demospongiae. Once de las especies son endémicas del mar Mediter-
ráneo, concentradas principalmente en fondos de rodolitos y dentro de cuevas marinas. Esta investigación añade un aspecto 
fundamental al conocimiento de la distribución de los poríferos, en particular los asociados con los rodolitos, y actualiza la 
lista de esponjas que colonizan los fondos de Ustica, proporcionando herramientas para su monitoreo futuro.
Palabras clave: Porifera; isla de Ustica; mar Mediterráneo; lechos de rodolitos; hábitat de coralígeno; sustratos duros fotó-
filos; cuevas marinas.
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INTRODUCTION
The marine habitats recently inserted in Annex 1 of 
the Habitat Directive (92/43/EC) include rhodolith beds 
(RBs), biogenic bottoms formed by free calcareous 
nodules mostly composed of unattached coralline al-
gae of different species (Bosellini and Ginsburg 1971). 
This substrate, formerly known as maërl in the north-
east Atlantic (Irvine and Chamberlain 1994), may have 
a nucleus of non-algal material (e.g. dead coral pieces, 
shells) and incrustations of other calcified epibionts 
(Horta et al. 2016). Indeed, due to their three-dimen-
sionality and structural complexity, coralline red algae 
forming rhodoliths are considered ecosystem engineers 
that can modify the substrate and multiply habitats in 
favour of other organisms. The faunal component of 
the associated biocoenosis includes epibionts living on 
algal surfaces, cryptic organisms hiding in the crevices 
and small invertebrates exploiting the sediment pock-
ets present within the rhodolith structure (Gondim et 
al. 2014).
Scientific interest in these environments started 
in the second half of the 20th century, when several 
researchers (Huvé 1956, Jacquotte 1962, Pérès and 
Picard 1964) pointed out the high species richness of the 
communities associated with these living substrates. In 
particular, the animal taxa showing the highest values 
of species richness and abundance on rhodoliths in-
clude molluscs, polychaetes and crustaceans (e.g. Grall 
et al. 2006, Foster et al. 2007). In the Mediterranean 
Sea, the diversity of the overall associated assemblage 
places RBs among the richest communities, after cor-
alligenous bottoms and Posidonia oceanica meadows 
(Ballesteros 2006, Sciberras et al. 2009).
In comparison with other habitats of the continental 
shelf, the faunal biodiversity associated with Mediter-
ranean rhodoliths is very high, with about 700 species 
recorded (Ramos-Esplà and Luque 2008, Basso et al. 
2017). Though knowledge of the biology and ecolo-
gy of these environments has increased considerably 
in recent times (Riosmena-Rodríguez et al. 2017), the 
available data should be further increased. In particu-
lar, understanding of the composition, structure, distri-
bution and natural variability of Mediterranean RBs is 
still considered inadequate (Basso et al. 2017).
Poriferans have been frequently reported as con-
spicuous inhabitants of RBs worldwide (e.g. Birkett 
et al. 1998, Aguilar et al. 2009), often playing a role 
in stabilizing the substrate (Ávila et al. 2013, Calcinai 
et al. 2013). They can also have an important role in 
the bioerosion of these calcareous substrata (Leal et 
al. 2012). Research on sponges from RBs has been 
performed worldwide (Ávila and Riosmena-Rodríguez 
2011, Ávila et al. 2013), although these invertebrates 
have often been neglected in studies of Mediterranean 
rhodoliths (e.g. Borg et al. 1998, Massa-Gallucci et al. 
2006, Sciberras et al. 2009).
The phylum Porifera, with almost 690 species, is 
one of the most prominent in the Mediterranean Sea, 
where it represents about 6% of the metazoan species 
and accounts for 7.5% of global sponge biodiversity 
(Coll et al. 2010, van Soest et al. 2020). Although lit-
erature data on Mediterranean poriferan biodiversity 
refer mainly to the northwestern basin, where most re-
search institutions are located, large unexplored areas 
still exist in this region. This is the case of the Tyrrhe-
nian Sea, where the sponge fauna has been thoroughly 
studied in the Gulf of Naples (see review in Pansini and 
Longo 2008) but elsewhere specific knowledge should 
be greatly improved.
Bearing in mind that marine scientists consider 
fundamental the opportunities offered by marine pro-
tected areas (MPA) to counter threats to marine eco-
systems, the present study focused on the sponge fauna 
from RBs surrounding the coast of Ustica Island MPA 
(southern Tyrrhenian Sea), thus contributing to the 
knowledge of invertebrates associated with rhodoliths 
on a local and global scale. Furthermore, with the aim 
of improving knowledge on the distribution of western 
Mediterranean sponge fauna, the updated checklist of 
poriferans from Ustica’s bottoms is presented here.
MATERIALS AND METHODS
Study site
Ustica Island is located in the southern Tyrrhenian 
Sea, 67 km north of the coast of Sicily (Fig. 1). It has 
a volcanic origin and is entirely surrounded by rocky 
coasts. On the northern slope, sea bottoms progres-
sively degrade up to about 1800 m from the coastline 
and are colonized by Posidonia oceanica up to a depth 
of 40 to 45 m thanks to the extreme water transpar-
ency. In contrast, the southern coast is characterized 
by a steep slope on which vegetal communities settle. 
P. oceanica appears in scattered meadows until about 
-35 m, giving way to RBs and other algal commu-
nities at greater depths (Mannino et al. 2002). The 
island is located on the pathway of a minor branch of 
the Atlantic Current, which exerts its strong influence 
on local hydrologic and biotic parameters (Sanfilippo 
et al. 2016).
Ustica Island was designated a marine reserve (now 
marine protected area, MPA) in 1986. The MPA cur-
rently extends for 15 km around the island, comprising 
a no-take area (zone A) on the western coast, a middle 
buffer area (zone B) surrounding the latter, where the 
MPA authority regulates different activities including 
fishing, and a peripheral buffer area (zone C) located 
on the southern coast of the island. In zone C many 
activities are allowed, including professional and rec-
reational fishing, under the management of the MPA 
authority (Sanfilippo et al. 2016).
Rhodolith beds of Ustica Island
Ustica’s RBs are mainly composed of five species 
of coralline algae showing growth forms ranging from 
branched to rounded unattached nodules (prâlines or 
boxworks) with variable density and shape, (Mannino 
et al. 2002, Giaccone et al. 2018). The whole assem-
blage, including epiphytic algae, has 117 taxa and is 
richer than other western Mediterranean RBs, although 
with a high level of similarity in the floristic list. The 
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presence of species typical of other Mediterranean al-
gal communities provides evidence of the transitional 
position occupied by the algal assemblage from Us-
tica’s RBs (Mannino et al. 2002).
Sponge sampling
Rhodoliths were collected in the period 1997-2002 
at two sites located off the western and southern coast 
of the island, respectively (RB1 off zone A of the 
MPA, RB2 on Secchitello Shoal) (Fig. 1), at depths 
ranging between 70 and 100 m. About 25 kg of rho-
doliths accidentally trapped in trammel nets used by 
local fishermen with regular fishing authorization were 
sampled from each site. Additional data were obtained 
from the analysis of video images taken by divers on 
transects about 50 m long carried out at the sampling 
sites using a Sony XDCAM EX full HD camcorder 
with professional GATES housing equipped with a 
GATES full HD monitor, four articulated 80 cm arms 
and two Revolution 13000 lumen lights.
Checklist of sponges from Ustica Island MPA
In addition to RBs, three other types of habitat 
were taken into consideration for the study of sponge 
fauna, namely coralligenous formations (CFs), 
photophilous hard substrates (PHSs) and semi-sub-
merged marine caves (MCs). Qualitative sampling 
was performed underwater by scuba divers along 
the coasts of the island (see Fig. 1 for list and loca-
tion of sampling stations) during the period 2000-
2002. In total, five sampling stations on CFs were 
considered (Medico Islet, Galera Cape, San Paolo 
Cape, Omo Morto Cape and Colombara Shoal) at 
30 to 40 m depth. Two stations were considered on 
PHSs (Cavazzi Cape and Pagliaio Gulf) at 10-15 m 
depth. Seven MCs were considered (Segreta, Verde, 
Barche, Pastizza, Azzurra, Oro and Colombara); at 
each of them qualitative sampling was carried out 
at the entrance and in the semi-dark and dark zones 
of the cavity. The main features of the MCs consid-
ered in the study are reported in Table 1. In addition, 
available literature data regarding sponges from 
Ustica (Corriero 1989, Corriero et al. 1991, 1996, 
1997a, b, 1999) was analysed and revised according 
to current nomenclature.
Taxonomic analysis
The sponge specimens were fixed in 4% formalde-
hyde and subsequently transferred into 70% ethanol. 
Taxonomic identification was accomplished consider-
ing external morphology and skeletal features of the 
sponges using standard techniques to prepare slides of 
fibres and spicules for light microscopy observation. 
Body features, spicules and skeletal arrangements 
were taken into account according to the thesaurus of 
sponge morphology (Boury-Esnault and Rützler 1997). 
Specimens were identified to the lowest possible taxo-
nomic level. The most recent sponge systematics was 
followed (Morrow and Cardenas 2015) and the nomen-
clature adopted is that reported in the relevant updated 
checklist of the World Register of Marine Species 
(WoRMS) (van Soest et al. 2020).
The sponge community was also examined taking 
into account the growth form of each sampled speci-
men. Four morphological categories were considered 
according to Boury-Esnault and Rützler (1997): mas-
sive/branching, encrusting, insinuating and excavating.
Statistical analysis
In order to measure similarities between sponge as-
semblages living on RBs from different Mediterranean 
sites (Sitjà and Maldonado 2014, Ordines et al. 2017, 
Santín et al. 2018), the Jaccard similarity index was ap-
plied. To compare the taxonomic structure of sponge 
assemblages, a matrix of similarities among sampling 
sites (habitats) was constructed using the Bray-Curtis 
similarity coefficient. From this matrix, the habitats 
were classified by principal coordinates analysis. The 
relationships among the habitats in number of exclu-
sive, shared and endemic species were graphically 
represented, illustrating the levels of overlap among 
habitats in species.
Fig. 1. – Map of Ustica Island with location of the sampling stations. 
The zonation of the marine protected area is indicated. Sampling 
stations in the habitats considered are listed below. Rhodolith beds: 
RB1, off the A zone of the MPA; RB2, off Secchitello Shoal. Coral-
ligenous formations (CF): CF1, Medico Islet; CF2, Galera Cape; 
CF3, San Paolo Cape; CF4, Omo Morto Cape; CF5, Colombara 
Shoal. Photophilous hard substrates (PHS): PHS1, Cavazzi Cape; 
PHS2, Pagliaio Gulf. Marine caves (MC): MC1, Segreta; MC2, 
Verde; MC3, Barche; MC4, Pastizza; MC5, Azzurra; MC6, Oro; 
MC7, Colombara.
Table 1. – Main features of the marine caves investigated in the 
study. The measurements shown are in metres. a Submerged en-
trance.  b Marine cave consisting of two successive cavities connect-
ed by a short underwater tunnel. The innermost cavity, completely 
submerged and difficult to access, was not considered during the 
present study.
Entrance Internal
MC width mean depth total length max depth 
MC1: Segretaa 3 3 5 3
MC2: Verde 15 7 30 5
MC3: Barche 10 4 40 4
MC4: Pastizzaa,b 1 1 10 6
MC5: Azzurra 9 9 25 7
MC6: Oro 6 3 25 5
MC7: Colombara 1 0.5 10 3
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RESULTS
Sponges from rhodolith beds
The sponge species recorded from RBs 
along the coast of Ustica Island are listed in 
Table 2. A total of 71 specimens belonging 
to 25 taxa were recorded, and 22 of them 
(88%) were identified to species level. 
The classes Demospongiae and Homo-
scleromorpha were present with 24 and 1 
taxa, respectively. Moreover, demosponges 
represented more than 97% of all sponge 
specimens at both sampling sites. Sponges 
showed different growth forms: most of 
them were massive (54.9%), and encrusting 
(36.6%), while few were insinuating and/or 
excavating (7.1% and 1.4%, respectively). 
Most of the massive species were small-
sized, represented by thick crusts or short 
erect branches, whereas only a few species 
developed in long digitations (Siphono­
chalina coriacea) or in large subspherical 
shape (Suberites domuncula and Fascio­
spongia cavernosa). Among subspherical 
specimens, some showed a rolling habitus, 
namely those belonging to S. domuncula 
and some of those attributable to Haliclona 
(Reniera) sp., the latter grown on a small 
central dead rhodolith core. On the whole, 
massive and encrusting specimens partially 
or completely overgrew rhodoliths, and two 
species, Hymerhabdia typica and Lissoden­
doryx sp., showed the ability of binding 
rhodoliths together.
Haliclona (Reniera) sp. and Jaspis john­
stonii were the most frequent species at 
both sampling sites, accounting for about 
24% of the specimens recorded. Other 
frequent species were Haliclona (Halicho­
clona) fulva and Axinella cannabina, the 
former prevailing at station RB1, the latter 
at station RB2, together with H. typica and 
S. coriacea (Fig. 2, Table 2). On the whole, 
these six species represented almost 55% of 
all the specimens found. The sampling sta-
tions showed comparable values of sponge 
abundance, although species richness was 
higher at station RB1 (24 vs 14 species, 
Table 2).
Four (16%) of the recorded taxa, namely 
A. cannabina, Didiscus pseudodidiscoides, 
Eurypon pulitzeri and Thoosa mollis, repre-
sented Mediterranean endemic species.
The Jaccard similarity index calculated 
between sponge assemblages living on RBs 
from Ustica Island, the Alboran Sea and the 
Balearic Archipelago (Sitjà and Maldonado 
2014, Ordines et al. 2017, Santín et al. 2018) 
showed values ranging from 4.6% to 8.3%, 
the latter referring to Ustica Island versus the 
Balearic Archipelago.
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Checklist of sponges from Ustica Island MPA
The overall checklist of sponges from Ustica Is-
land (Table 2) encompassed 97 taxa, 90 named at 
species level, divided as follows: 6 taxa of Calcarea 
(2 subclasses, 3 orders, 3 families, 3 genera), 3 taxa 
of Homoscleromorpha (1 order, 2 families, 3 genera) 
and 88 taxa of Demospongiae (3 subclasses, 14 orders, 
39 families, 63 genera, 18 subgenera) (Table 2). The 
order Poecilosclerida was the best represented, with 
9 families, 11 genera and 17 taxa. Dictyoceratida and 
Haplosclerida, with 14 and 11 species, respectively, 
were other representative orders.
On the whole, 11 of the species recorded (11.3%) 
were endemic to the Mediterranean Sea and two of 
them, namely Calyx nicaeensis and D. pseudodidis­
coides, were found at one sampling station only. Con-
sidering the whole checklist, 17 species were recorded 
only once, while among the most frequent species, 
the only one constantly present at all 16 sampling sta-
tions considered was J. johnstonii, Petrosia (Petrosia) 
ficiformis and Spirastrella cunctatrix were both present 
at 14 of the 16 stations and Chondrosia reniformis, 
Crambe crambe, Ircinia variabilis and Terpios gelati­
nosus were recorded at 12 of the 16 stations.
Among the habitats considered in addition to RBs, 
MCs hosted the largest number of taxa (59), followed 
by CFs with 52 and photophilous hard substrates (PHSs) 
with 27 taxa. As regards sponges from MCs, besides J. 
johnstonii, the species Dendroxea adumbrata, Penares 
euastrum, P. (P.) ficiformis, S. cunctatrix and T. gelati­
nosus were present at all 7 MCs considered in the study. 
Eight and 11 species (13.3 and 18.3%, respectively) were 
present at 6 and 5 of the MCs, respectively (Table 2).
Species richness of sponge assemblages from the 
studied MCs ranged from 13 to 54 species depending 
Fig. 2. – Underwater images of rhodolith beds from Ustica’s bottoms (A, station RB1; B, station RB2) and an extensive Merlia normani facies 
in the semi-dark zone of the Verde marine cave (C). In B, the dashed line highlights a specimen of Siphonochalina coriacea.
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on cave length, entrance width, light and hydrody-
namic gradients (Table 1). In particular, the Verde and 
Azzurra caves (MC2 and MC5, respectively) hosted 
the highest number of species (54 and 51, respectively) 
while the Colombara Cave (MC7) hosted only 13 
species.
Among the sciaphilous species recorded in the stud-
ied MCs, the Mediterranean paleoendemic Calcaronea 
Petrobiona massiliana and the Heteroscleromorpha 
Merlia normani, belonging to the family Merliidae, 
were particularly interesting. The former was recorded 
in 3 of the 7 MCs studied (MC2, MC3, MC5), while the 
latter was found in all the caves studied, apart from the 
smallest, Colombara Cave (MC7), forming large facies 
with covering values up to 2 m2 in the semi-dark and 
dark zones of the caves (Fig. 2). Didiscus spinoxeatus, 
previously described in the Barche and Verde caves of 
Ustica Island (Corriero et al. 1997a), was found in the 
present study in two more caves (Table 2). Lastly, D. 
adumbrata, already recorded in the Colombara Cave 
(Corriero et al. 1996), was found in four other caves 
and at two stations on CFs (CF3 and CF4, Table 2).
Ninety percent of sponges from CFs showed an 
encrusting or small massive/branching growth form 
(about 45% for each category), while excavating spe-
cies were less represented (about 7%).
The sponge assemblage from CFs encompassed a 
total of 52 species, 9 of them exclusively found in this 
habitat (Axinella polypoides, Bubaris vermiculata, C. 
nicaeensis, Haliclona (Reniera) mediterranea, Hippo­
spongia communis, Hymedesmia (Hymedesmia) pan­
sa, Sarcotragus foetidus, Spongia (Spongia) officinalis 
and Stelletta lactea) (Table 2). The five sites studied 
showed similar values of species richness, ranging 
from 29 at Galera Cape to 36 at Colombara Shoal. In 
addition, a conspicuous pool of species (35.5%) was 
shared by all the sites (Table 2). Overall, the sponge 
assemblage from Ustica’s CF included species already 
known for Mediterranean coralligenous bottoms, with 
the exceptions of the above-mentioned species D. ad­
umbrata and S. coriacea. Regarding Mediterranean 
endemism, CFs showed the highest number (8) and the 
highest percentage (15.4%) of endemic species.
Over a total of 27 species detected on PHSs, those 
showing encrusting or massive growth form were the 
most represented (about 50 and 40%, respectively), 
while excavating species were rather rare. In this habi-
tat 7 exclusive species were detected (Sycon raphanus, 
Aplysina aerophoba, Cliona copiosa, Crella (Crella) 
mollior, Crella (Grayella) pulvinar, Hemimycale colu­
mella and Ircinia dendroides), representing about 26% 
of the entire sponge assemblage. Moreover, four of 
them were exclusively found at Cavazzi Cape (Table 
2). Noteworthy is the small size (a few centimetres) of 
the massive species, mainly found on scattered rocks or 
associated with the thalli of Cystoseira spp.
The species distribution among different habitats 
is reported in Figure 3, which shows the number of 
species exclusive to a single habitat or shared among 
different habitats. Among the four habitats considered, 
the highest number of exclusive species was recorded 
in MCs (15 species, corresponding to about 25% of 
the MC assemblage), though the highest percentage 
was registered on RBs (56%=14 species), hosting two 
endemic exclusive species (D. pseudodidiscoides and 
E. pulitzeri). RBs showed the highest species overlap 
with CFs (nine species, corresponding to 13.2% of the 
total assemblage present in these habitats) (Fig. 3).
Fig. 3. – Sponge taxa distribution recorded in each habitat and shared across the four studied habitats.
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The cluster analysis showed a clear distribution pat-
tern of sponge species within the habitats. In particular, 
the principal component analysis highlighted an early 
separation between the sponge assemblage from RBs 
and those colonizing the other habitats (Fig. 4). The 
PHS assemblages showed a clear separation from CFs 
and MCs, while the latter, though separate from each 
other, were generally characterized by higher similar-
ity values (almost 60%). Moreover, the sponge assem-
blages from two of the seven studied MCs (MC1 and 
MC4, both with submerged entrance) were grouped 
closer to CFs than those from the remaining MCs.
DISCUSSION
Sponge fauna associated with rhodolith beds
RBs are the subject of a special protection plan 
conceived in the context of the United Nations Med-
iterranean Action Plan (Agnesi et al. 2009, UNEP-
MAP-RAC/SPA 2017), which however is not binding 
on national governments. In particular, fundamental 
goals that must be achieved to safeguard RBs are to 
implement their inventory in the Mediterranean area, 
in order to better assess their extent, their state of health 
and threats to their survival, and to improve the check-
list of associated species with the aim of promoting a 
regular monitoring of these environments (Basso et al. 
2016, 2017).
International studies on the fauna associated with 
RBs show high values of species diversity in all the 
seas (e.g. Neill et al. 2015, Hernandez-Kantun et al. 
2017), including the Mediterranean. Here in particular, 
high values of biodiversity were already reported more 
than 50 years ago (Jacquotte 1962, Picard 1965), and 
more recently several studies (Sciberras et al. 2009, 
Calcinai et al. 2013, Basso et al. 2017) have recorded 
about 350 animal species on Mediterranean RBs. As 
regards sponges, apart from some incomplete data on 
the southeastern Spanish Mediterranean coast (BIO-
MAËRL team 1999), only recently some studies car-
ried out on the western Mediterranean deep shelf have 
provided information on the sponge fauna associated 
with local RBs (e.g. Calcinai et al. 2013, Ordines et al. 
2017, Santín et al. 2018).
In this scenario, the present study allowed us to 
identify 25 sponge taxa associated with RBs surround-
ing Ustica Island, 19 of them (76%) representing new 
records for the checklist of sponges from Mediterra-
nean RBs. The list is therefore updated to 91 taxa, 
with an increase of more than 26%. Moreover, from 
the comparison among the sponge assemblages from 
Mediterranean RBs, it emerges that the percentage of 
species exclusive to each site ranges between 60% off 
the coast of Alicante (Ordines et al. 2017, Santín et 
al. 2018) and 83% in the Alboran Sea (BIOMAËRL 
team 1999, Calcinai et al. 2013, Sitjà and Maldonado 
2014), coherently with what was found for Ustica’s 
rhodoliths. This confirms that the results achieved 
by research in the Mediterranean are still far from 
reaching a plateau, and further studies are needed to 
acquire an appropriate knowledge of sponges coloniz-
ing RBs in this area.
Predictably, the similarity between sponge assem-
blages colonizing RBs from Ustica Island, the Alboran 
Sea and the Balearic Archipelago showed rather low 
values, even though such sites are all located in the 
western Mediterranean basin. This result reveals the 
considerable diversification of sponge assemblages as-
sociated with Mediterranean RBs and is in agreement 
with previous studies conducted along Mexican coasts 
(e.g. Ávila and Riosmena-Rodríguez 2011), which 
recorded a certain variability between sponge assem-
blages from RBs a few kilometres from each other. In 
contrast, other studies (e.g. Teichert et al. 2014) report-
ed faunal communities associated with polar RBs to be 
more similar to each other.
On the whole, variability in species diversity and 
abundance of the associated community across RBs is 
related to rhodolith complexity and size, which con-
trol microhabitat diversification (Grall and Glémarec 
1997), but also to other ecological factors associated 
with larval recruitment and the impact of human ac-
tivities (Ávila and Riosmena-Rodríguez 2011). In this 
scenario, the greatest coralline diversity recorded for 
rhodoliths of temperate regions (Hernandez-Kantun 
et al. 2017), and in particular the much higher values 
reported for Mediterranean rhodoliths than for those of 
the northeast Atlantic (Basso et al. 2017), are proba-
bly responsible for a greater internal diversification of 
Mediterranean RBs and consequently of the associated 
communities.
The vast majority of the sponge specimens found 
on Ustica’s RBs had a massive and encrusting mor-
phology, and two species showed the ability to bind 
rhodoliths together, similarly to what has been ob-
served elsewhere (e.g. Ávila and Riosmena-Rodríguez 
2011). In fact, the sponge assemblage recorded seems 
to play primarily a role in substrate construction and 
stabilization, rather than in its erosion. In particular, 
boring sponges were represented by only one species 
(Thoosa mollis) recorded only once at each sampling 
station, and almost all sampled rhodoliths were lacking 
in erosion scars.
Fig. 4. – Principal coordinates analysis based on a Bray-Curtis sim-
ilarity resemblance matrix on untransformed data of sponge assem-
blages from the studied habitats.
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The lack of excavating sponges on Ustica’s rh-
odoliths was an unexpected result, contrasting with 
what has been observed in other studies, where boring 
sponges were found to be considerably more repre-
sented, showing an important role in the bioerosion 
process of rhodoliths (Leal et al. 2012, Ávila et al. 
2013). Moreover, several species of perforating spong-
es were recorded in the other habitats investigated by 
this research. Interestingly, the literature reports that 
the clionids, which constituted the vast majority of 
Ustica’s perforating species but were never recorded 
on RBs, are underrepresented in carbonate structures 
built by algae (Cerrano et al. 2001), thus supporting 
our finding.
Checklist of sponges from Ustica Island MPA
The thorough revision of the available scientific 
literature on Ustica’s sponge fauna (Corriero 1989, 
Corriero et al. 1991, 1996, 1997a, b, 1999), supple-
mented by data from the present study, allowed us to 
draw up the first checklist of the sponge fauna from 
the MPA of Ustica Island. The study made it possible 
to add one species (Crella (Crella) mollior) to the list 
of demosponges previously compiled for the southern 
Tyrrhenian Sea by Pansini and Longo (2008).
The present list reports the occurrence of Cliona 
copiosa, though it is considered synonymous to C. vir­
idis by Rosell and Uriz (2002). Indeed, the so called “C. 
viridis complex” (Schönberg 2002, Leal et al. 2016) 
includes many different morphotypes that had been 
previously considered different species (Sarà 1959, 
1961). However, Barbieri et al. (2008) have already 
pointed out the presence of morphometric, ecological 
and genetic differences between morphotypes living 
sympatrically on rocky shores of the Ligurian Sea, sug-
gesting the occurrence of at least two different species 
within the generally accepted “C. viridis complex”. 
During this study, the specimens collected at Cape 
Cavazzi on PHSs were morphologically very different 
from the sympatric C. viridis, thus suggesting the need 
to preserve the distinction between the original species.
Mediterranean endemic species were most concen-
trated on CFs and least on PHSs, in accordance with 
recent studies performed by this research group, which 
revealed a high percentage of Mediterranean endemic 
species (more than 25%) in the sponge assemblage 
from Apulian coralligenous outcrops (Longo et al. 
2018). On the whole, the richness of sponge fauna from 
Ustica Island was mainly due to sciaphilous habitats, 
with MCs and CFs hosting the largest number of taxa 
and the noteworthy contribution of taxa exclusive to 
RBs. Indeed, Ustica’s rhodoliths showed a peculiar 
sponge assemblage, with most of the species exclusive 
to this habitat. This result seems to be in contrast with 
previous studies performed in the Mediterranean (e.g. 
Sciberras et al. 2009), in which most of the animal spe-
cies registered had also been found on other substrates, 
and species exclusive to RBs, were negligible.
The sponge assemblages investigated consisted 
mainly of encrusting or small massive/branching speci-
mens on both RBs and the other habitats considered, in 
contrast with what is reported by Corriero et al. (2004) 
and Longo et al. (2018), who found a higher percentage 
of large massive specimens on CFs and PHSs along 
southern Italian coasts. This result might depend on the 
rather low trophic level of sea water along the coasts 
of Ustica (Sanfilippo et al. 2016), which could lead to 
a lower trophic availability and therefore lower growth 
rates in filter feeding animals such as sponges.
As regards RBs, previous studies (Ávila and Rios-
mena-Rodríguez 2011, Ávila et al. 2013) recorded a 
higher proportion of massive specimens, though the 
small dimensions of sponges from Ustica’s RBs are 
probably due to the presence on these bottoms of au-
thorized trawling activities. In fact, trawling has been 
reported to have negative effects on benthic organisms 
like sponges, which suffer damage after the passage of 
a bottom trawl gear (see Ordines et al. 2017). In addi-
tion, Ustica’s RBs are characterized by a noteworthy 
hydrodynamism (Giaccone et al. 2018), which prob-
ably affects the growth form of both coralline algae and 
sponges.
The sponge assemblage from Ustica’s CFs encom-
passed species already known for Mediterranean coral-
ligenous bottoms (Bertolino et al. 2013, Longo et al. 
2018) and appeared to be rather homogeneous, show-
ing a comparable richness among the five sampling 
stations and a large number of species in common. 
In addition, this habitat showed rather high similarity 
values with MCs, whereas the comparison between the 
sponge assemblages from different habitats gave much 
lower results in all the other cases. Indeed, similarity 
values were always lower than 25% and, in particular, 
the similarity between RBs and the other habitats were 
always negligible, ranging between 6.1% (RB/PHS) 
and 13.2% (RB/CF).
In contrast to what was observed on CFs, the 
sponge assemblage from Ustica’s MCs proved to be 
quite inhomogeneous and diversified at the sampling 
stations. The rather different values of species richness 
in the seven MCs studied probably depend on charac-
teristics such as cave length, entrance width and depth, 
light penetration and hydrodynamic conditions. In-
deed, the lowest richness was recorded in caves located 
along the northern side of the island’s coast, which are 
more exposed to the dominant winds and periodically 
affected by violent coastal storms. In these caves, hy-
drodynamism probably acts as a factor of mechanical 
stress for sponges, reducing their substrate colonization 
success and limiting the growth of massive and erect 
specimens (Bell and Barnes 2000). This hypothesis 
is supported by the prevalence of encrusting or small 
cushion-shaped specimens in these environments.
The comparison of the sponge assemblage from Us-
tica’s MCs with literature data on Mediterranean MC 
fauna (Gerovasileiou and Voultsiadou 2012, Grenier et 
al. 2018) showed that Ustica harbours almost 18% of 
the entire sponge assemblage recorded from Mediter-
ranean MCs. With the exception of Clathrina coriacea, 
all the remaining species registered at Ustica were al-
ready known for this environment (Gerovasileiou and 
Voultsiadou 2012, Grenier et al. 2018, Gerovasileiou 
et al. 2019). As regards species currently considered 
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exclusive to MCs, such as Dendroxea adumbrata and 
Didiscus pseudodidiscoides (Gerovasileiou and Voult-
siadou 2012, Grenier et al. 2018, Gerovasileiou et al. 
2019) described for Italian and French coasts (Corriero 
et al. 1996), during the present study they were also 
found on CFs and RBs at depths of 3 to 40 and 70 to 80 
m, respectively.
Though the island of Ustica has been an MPA since 
1986, the study of its coastal habitats is still inadequate 
and ongoing. In this context, this study adds a funda-
mental element to the knowledge of the marine fauna 
that inhabits the island’s waters, facilitating its moni-
toring in the future. 
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